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(54) ELECTRONIC CIRCUIT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a Pb-free 
electronic circuit device having high reliability by realizing a 
solder hierarchy of Pb-free solder at a plurality of solder 
connecting parts soldered at different soldering steps. 
SOLUTION: In a previous step of manufacturing an 
electronic component 8, an Sn-Sb solder alloy is used as a 
first Pb-free solder 4. In a following step of mounting such 
an electric component 8 on a board 9, an Sn-Ag solder alloy 
is used as a second Pb-free solder 10 having a lower 
melting point than that of the first solder 4. Thus, in the 
case of reflow connecting in the following step by realizing 
the hierarchy of the solders, the first solder 4 is not melted. 
Here, the first solder contains an Sb of a composition range 
of 1 to 10 wt.%. The second solder 10 contains the Ag of a 
composition range of 1 .5 to 3.5 wt.%, but trace amounts of 
Cu, Bi, In are added as needed. 
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[00461 05 (a) liSn-3Ag-0. 7Cu(C 
B i £a§flDLrt:B?f<0. 05 (b ) liSn-3Ag 

- 0 . 7 C u tc I n ZmaLtztifCO*;* liA.£z-&&com 

[004 7 1 05 (a). (b) frkWbfrZcXolZ. 
B icom&lZii, 2%C0ffiMXimmiS,%.tf2 l 6'Cfc 

#2 1 4°Cifc-ei£T-r&. d<^)J:3(c. BiM'I n<7) 
ftfflnft fcRKSflEKW;*. 2. i b lz X 0 . \3.A,lZ<rmtki 
<st3 *tx nx,** V y n-SHt 

C b tfX'% h. In, B i cr>mMHiA,t£cOzi X 
[ 0 0 4 8 1 jfifc . a^£&OT**^a*fe8Jb&<'J'>3 

< . a^rtT'Offl^H?: 1 oxmmzwthzbwx** 

Pb7'J-li^l Oi: LT<DAg£3. 
5wt%#tfSn-3. SAgUXCk Pb7'J-{^ 
£4 t LTOS n - S b«X*fi:T*>WJBfl:fc*riSi:2: 
•!>. Ijlli. Sn-3. 5Ag{4^iC0*^?ag3& J 2 2 
HCTfcoT, >J:7a-&KJfr2 3 5 , Cfc-«tf3r. Sffi 
?aKS?-Ct 2 2 5*C£5Ifct'# . £T<Og8ffiSStf>S n - 
3 . 5 A gtt/^tf tjfflKS-B:* Z bWX'% ZfrhX'b 

h. 

[00491 teAstsmmco tmmz&i,i-r b i, in 



mwcom>:, nmizft%r>xmttfwmwm-hzbiz 

muzmi-hzbizx £s>jt>*£«m;Stf"cv**fc 
#>X'b&. 

[00 50 1 06 (a) (4, fffflSfcSJgtS: 2 0°Ct L 
T, Sn-3Ag-0. 7Cul:B i fcasflDLfci: £ 
tf), *Jt. 06 (b ) l4Plt< S n-3 Ag-0. 7C 
u tc I n fcas&DUti: %?m«itA,tz-0r&(Ot¥V :: $:ffi&. 
LtJ&g&^-fWX'Ibh. 

[005 11 06(a). (b)A>^mol:. 
B i Win'. aSftI**«2X4-Ctt«^^«)l*tX<0ft 
TU18ft4>*t.3r^U I nflJ^tli. mml% 

^b%(T>WlW2S%X-foh1f. 4%maLXt^ &)2 
3%<nm/tf*>r>K:. ^t, B Hi2%tX-mnLX 
b. I n(44%^T-m»PL-Tb, ftttftfflttttifl 

^:*>*t^:V>. BitInk(7)S7i*S:^2%, 
4 LT t , «St6<)tt«(4 B i 5r 2 %feUP L?t 

tivC/i'^r^ i: R^TJi 0 . $ t> lz . in aaro<o«-^ttt 
^-^^11^5: T«f S i i: ^» . 

[0052] VlkcoZbfrh. B i . In«I2Wb 

7 y-te^^oasansi: u-c«4, b i iz^xito- 

2%. I n{3OV^-Ct4 0~4%t-r^bc7)T'*0s :^ 

mmx-ii. mmfflmz&mz&*>%tft>. m&zTif 
hzktfx-Zh. 

[00531 olzLX , Ji^WtfflKOSSHfft 

ffitt^Ji=5r o Z b%< , htOP b 7 'J -*4^i(c 

[ 0 0 5 4 ] ^rfc. ±IEP b y V -HA,i«&±lZ\*. {4 

^^Af«8«Mc*tt«=srif*'fe«A-rsT»ews», ^4^ 
<nmw&tinz£*)mA-t&m&>. ®.mz£*)mAZti 

hC, N. H^t'OTt^t-A^pTjg^^fc LXiSt 
ti& . tLhWi i: (4, ffi«SdBB!ttfc-?OT fc FWC* 

[0055] m7ii&¥&mz£ immm.<rm2<r> 
mmm^Tp-tm^mx'b^x , 1 urt^awi. 12 

tty-F. 13(4«^gB,a. 14<4S«. 1 5«4«^-« 
^SSA, 16«Sn-Sbli^. 17<4U-H, 18 
H*paUiu 19ttU-K. 2 0t4S«T'^0- 01(c 

•rs. 

[0056] iWlBtt^fiSJCfcV^T t , {4^^t'#^tXS 
^MX^i:feXgi:t=IX«-LTiDO, 07 ( b ) (4ic0 
SWUWBW)^ HBSSSfc ^^{4^/iN•{t^f^XS5r^K 
L, 07 ( a ) (407 ( b ) JCSrtm^HBiSllfclSR 
■fS«^«^iai 5 4:*<0»i^ftltie (WIS) 

[0057] t-r. 07(a) ttfev^T . m^m^& 
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&mm 1 4 t,zm&b LXCDL S I &£<OWrF®gh 1 1 ^ 
L S I * ZOMrTWb 1 3 * k* K£ fute t> «0"C» 

^^-f X3*«, m^seA 1 1 a*rr & u-k 1 2 k s n 

-SbtiX,rtf4«cJ:-5TSB«Si'U m^35A13 
#3Tf 6* ^5>fX3tSn-Sb MX£4 izi. otf 

1 0 0 5 s 1 117 ( b ) t^-raiSTa, ±ie 

OmrX^Tlt^tlft^rS^Al 5*>V— •F&k'Srffl 
lvtU-F17kSn-Sb li/Cfc' 1 6 -d&&$*u ifc 
fc, tt£tt?#A 1 5*««ttS*ifc 'J — K 1 7 £S1S2 

0 _LOffiJ£«0tiE tffM U>^?-<X3ltSn-A 
g-Cufci/Wfl O^UML, 
0DJ5*Dl«Hctt* Witt'. mAkLTcOLS I&kVtft 
^n^l 9A^^-9^X3±(CSn-Ag 

COO 59] CiT'. Sn-SbWXfc'4-^Sn-Ag 

- c u itA,tz i o tfofflBKmn i iztn Ltzm i commmm 

bmmX-b*), ttz, KlTfl^Sn-Ag-Cu 
UXfc'lOCCi. l J7D-MJ:WI.Wc, &mz 
m tX „ ±ieolEHT-B iJiSVHiln S^irt & £ k 
fWitf. — «kl/C, Sn-Ag-CuteX/i 

1 0£Sn-3Ag-0. 7Cu - 1 B i -2 I n ft 
hZttfX'th. 

[0060] msa^mz x siTFigs&gsoss 3 <o 
njfe^ssr*-r^^;iaT'j>oT. 2Kisim 2 

2«Mo (t'jyfyJSI, 2 3t2T/PS-*-g8L 2 
4«Sn-Ag«X7t\ 2 5«Cu7j<^^>^-/ K 2 
bteXfyJX^ 2 7tiV-f^T'J>'?. 4«5fcO|gS£f* 

as k R«o s n - s b a . z vmsmmnj « 

[00 6 1 ] HBfcfclvr, ffiXSk LT. Si^iftt 
mT2 lkJ&**g»»kLT<Z)Mo»R2 2kS:Sn- 

CI COS i iNWWR? 2 1 **»8S*lfcM oiI2 2 kT 

mntltzCuym^W'y y h 2 5#**. Sn-Agtt 
^'2 4tJ:l l»7n-tf«g$tiTV>^ 0 -eUt. S 
i ^M?- 2 1 Clilt^ftft^ X2 6 1 C u* 
T >y h 2 5 tcfglt £>*l/^ X2 6 ktf)HJ 

[00 6 2] Cut, Sn-Sb«X*f4kSn-Ag 

iZA,tz2 4commi. ^mmmtmmx-h^K * 

Jfe^k|iJ«OiEfflT-Cu, Bi, I ntrSsJnU 

[0063] tMptm&M 3 nmmmx'i*. s i ¥ 



igf**^2 1 kCuTkfti^T-y h 2 5kcO.«3if*» 

il^^Si^M?2UMoM22t(^ 
gggBlCi^li^S n - S bUXrtf4 z&m LX Hi Z k 

fcfift Z k . 
[0064] m9t,ttft.tylzJ:&m.Tl£l3&$imcr>m4(7) 

mmmzm-tffifmx'hr.x. 2 8«m-?SBA. 29 

tf'J-h\ 30(iSn-Agt^', 3 1(iSn-Sb 

[0065] Jfe<o#HM^®t-(i. flriDBT S n - S b 

n - A g «X*f ( !0g fcJB t X , ±ie<7)IEHT'C u , B 
i, I n Jr^JP) <DU 7n — SS^Srtf^ro U 70- • 'J 

$k zcr>m4comtmmx'ii. u ?u-- 

ZZSn-AgliAstllzZZmMlz^ 

T'fc 0 . i 0^4 ^Jfi^T'ti. f^X^k %h S n - 
A gfcJXrtfCJ: SSf^S: 7D-«gi (7o-«^'Wt 

[00 66] H9tc;fcv^. mfXSkLT. LSI&k" 
<0S^A1 8<0U-H 19tM20^^7^X3 
k $• S n - S btt/Wf 3 1T"J7 D-iKL,, iRtC. S 
X^k , SiJcO«iFa5A 2 8<0 U - F 2 9 2 0 

iO, i<7)U-H29SrSn-Agti^i30T'S«2 
0coiSBl<7)^^7>f X3lz~?u—fg1(fct&i>cr)X'fo&. 
[0067] ^S^o-tru-fe^-m, ^«2 Oc^S 
BOWIES n-AgtiXfc'3 0cOBtSS^S^2 OfcHfc* 
WtSiktcJ: "9. x/U— *-)Umzi>Z<rMA,tz3 0 
'J — F 2 9 kS«2 0 tifWfcZtlhZt 

Bak^fflkT'{±iasii* { *t.?». ^t, Canute; 7 
o-wismttfim i8k zwrnm^coizAsKs 1 

n - s b«A^'3 1 iz x hnamzmmzit&z tn 

=5r<. 7n-glf|,ci:m^. 
[0068]=5rfe, dcO*SS^@tCfcV>Ti>. Sn-S 
b (iA,*: 3 1 k S n - A g yx/i 3 0 k <?)fflj£;(2. 5fcO 

[ 0 0 6 9 ] H 1 0*i*«WKJ: ■&m-?l3»5IScom5 

comtmmz^-tffif&mx'fc^x^ 3 21mm. 33H 
m&vy. 3 4««m^ti^, 3 5ti^m^s n a o. 

3 6liXU >hS«, 3 7f2Sn-Ag-B ili^'T' 
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C00 7 0] znf&s commmmit. mi, w,k»im 

S^K-r-S»tcOT'J>S. ZZX'li. HI1 0 (a) £SI1 
Wig. 13 1 0 ( b) £ISI2cOI!i, 01 0 ( c ) £|g 

[007 1 ] HI 0 (a) ^•rmitOIgti:, 111 

(a) cOmJMI l zm%-?&i>C0X'$>r>X. SSlcOPb^ 
'J-fciXfii: U<OSn-S bte/W:4 Srfflv^^-yJr 
- xll 2 1 1 -y ir- >? 6 t £ U 7 o - 

tmt. ^mftmm* ■■/ ir-^mzm± L^m^asa 

[00723010 (b) \,ZjF.-rm2<7)T.m^ zcom 
1 e>xmT'Bf£2tLfzm^$&8%b' £K«i3 2 KH§£ 
^■Z>T.nx'$>h. i<7)SI3 2(:h ^y>. m^fiSS:co 
^ffc7 VftmZiXtzXfr-fr-frtf&f&ZilXti 0 , CI 
ilA,^ 7 60-^3^5*5^ 3 2cT>mm3 2AtC^tt 
^»iX7t^^5^X3C«ig§ix. iix^^#:7c7)fl!l^ 
4gg|5**g#C3 2<7)mfi3 2Bl,zmft>tlX^Z>*?7'< 
X3(C^Sn-CV^T. C10KS3 2Bffl!]c9.*?7'fX 
3 lzm&t'> 3 3 ** A u - 2 0 S n foh tH±A g ■?> o % 

fccomm 3 2 comm 3 2 a wojua* ? 7 --r x 3 1 

8 CO/ < y 'Jmi 2 C0?hH 2 B ? 9 -f X 3 

01 (b) (WtOMtmmizVZ . 12<0Pb7 
•J -tt^fc LTODSn-Ag-Cu ti/L/i* 1 0 Srffl^ 

[oo73]0io (c) ^-r^coumt. 0 i o 

( b ) x-^Ltzm^m z f L us>3 5%t'*7v>bmfa3 
6t,zmm-&i>coTh&. 7v>hmwL3 6(,ziz^ 

6 coMW 3 6 Bco^Jl— *-/U9JU r)\,z*97AX3if 
WMhixx^h. z<?>y°vy haS3 6^^m^gBifp 
3 5 s-i^it-i.^tc«. z vm-sm^sh 3 5 cona 

try 3 3SrTy >-b*&3 6<7)X;U-*-;MC-?-(50^B 
3 6Affl!]*^i?AU -e<7)»BS3 6B(l!l*^^^5-fX 
3 *>'|g(t f>ftt V * 4 3Wb7'J -UXrtfT* 

SSn-Ag-B H±^i3 7<^Rt^£n£#Wt6. -I 
*Ucr. t fc , 3, MSn-Ag-B H4^'3 7teX/t— * 
-Atf>FM»fc: t S&K V 3 3 #X 'jybSS 
3 6tC70-iggS$;ft..&. 

[0074] u«I3«Pb7 'J-ti^Sn-Ag 
-B i «Xrtf3 7fcL -?-<Oii§f£A>\ B i <OSij&i2B£4 
0~6 0wt%, AgcofflfiK^HSrO. 1— 3wt%fc 

fflMSn-lAg-57Bi t-TSfc. SbS** 
1 37 — 1 38-CT&9. ilSOgfll , m2c7>Pb7V 
-li^tz'l l zit'<.Zi&^m&t-%&. Sn-Ag 



-B i (^^'3 7 J:fflv^70-rDtXT1i, §11 , 

&2cr>Pb7v-ii^tz^m®mzi£&zi:%<. ha, 

[0075] SMo. Sn-Sb(i^J4tSn-Ag- 

c u ux/i i o nmmi. ifcommmm t mnx-*> & . 
[0076] ttz, znmscDmimmx'li. m$m? 
3 5 <r>mm. 3 2 izmt-thnTUShz ,01 ( a ) 

&*Uf. 07 (a) -^08, 09(C^-tm^gP^T'S>o 
[0077] 

iSSl&<?) P b -7 'J -(i^/•iT-^> SSn-Sb tiX-^fi: 
iUlOfcMjft^fiV^Sn-Ag <«8KCJCtTCu, B 
i , I n^aSAD) ti^ktffl^T, U/WlWBJMa 1 

m?2>Zbtf?%h. ZtllZ, ZblZ, Sn-Ag-B 
i tt/U££ ffiffl-T 5 i 4: i 0 , 3 «»Ott 

[01] J: ««?l3IS$IBOff 1 <^»fe^SSr 

*-r^0-c'j>&„ 

[02] Sn-3Ag-0. 7Cu^7"i^-XhcOiS 

[03] Sn-3Ag-0. 7Cua^-7,ht'J 
7 o-SSS UNi/Au^ >y * £Jfe L^C u fyco^l 

[04] ^M^^JlD^t^SiJW^SD^fc 
[05] Sn-3Ag-0. 7C uli^Xfl)B i ±tz 

( "C ) <o^-fbSr^-r0-es> -S . 

[06] Sn-3Ag-0. ICultA.tz^COB iitz 

tsi n<oasiDfins«-S2 cctcfcttsw (%) <ry$t 

[07] ct i> ®$mw<o& 2 comtmmz 
^tm^mx-hi. 

[08] *%mtz i. s sjssscom 3 commmz 

[09] *^(Cil»m ; ?(HlSS^B<7)SI4<7)|ISfe^^ 

5H-flt^0-c&&. 

[0io] *mnzx hn^m,mm.^>m5<nmmmm 
z^-trnwrnxbh. 

[011] P b - S n ^ B iiA,tzcom^M±.xcomti^ 

[^C0ittB>1] 

1 ^f*:^ 

2 >^vy-i?ms. 
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4 
5 
6 
7 
8 
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1 0 
tz) 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
20 



S n - S b WX*f (35 1 COP b 7 l J — tt/,*f) 

mm 

Sn-Ag-CuB^' (^2^Pb7 , J-^ 

S n - S b fcJXtf 
m^Pp a p 



2 1 
2 2 
23 
24 

2 5 
26 
27 
28 
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30 

3 1 
32 
33 
34 



S i ¥«Mtt*F 



Sn-Ag«X*f 

Sn-Agt±A,rtf 
Sn -Sbl^tz 



A u - 2 0 S n «^*J>S VH±A g 3 SrifcOft 



3 5 
36 
37 
ti) 



Sn-Ag-B i tiX^/S* (WS3<VPbyV—l,tA, 
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